Aims AGATHA (a Global Atherothrombosis Assessment) was designed to assess the extent of atherothrombosis and the use of the ankle-brachial index (ABI) in vascular patients. The principal hypotheses were that (1) in diseased patients, a low ABI was related to the number and site of vascular beds affected and (2) in at-risk patients without disease, a low ABI was related to the number of risk factors present. Methods and results Patients were recruited consecutively by 482 clinicians in 24 countries and the ABI measurement was performed at a single visit. Of 8891 patients recruited, 1792 were defined as at risk and 7099 as with disease. Of the with-disease patients, 65.2% had one arterial bed affected, 27.6% two and 7.1% all three. Abnormal ABI (0.9) was present in 30.9% of at-risk and 40.5% of with-disease patients. A lower ABI was weakly associated with an increasing number of risk factors in at-risk patients (r ¼ 20.056, P ¼ 0.02) and with the site and number of arterial beds affected in with-disease patients (P , 0.001). Conclusion This large international study confirms that atherothrombotic disease often occurs at more than one site. The ABI is related to the risk factor profile and to the site and extent of atherothrombosis.
Introduction
For many years, vascular events, such as myocardial infarction (MI) and ischaemic stroke, and diseases, such as angina and peripheral arterial disease (PAD), have been the major causes of death and disability in the Western World. 1 Studies indicate that over the next two decades, cardiovascular and cerebrovascular diseases will become the most common cause of mortality and morbidity worldwide. 2, 3 These arterial diseases and events are the result of atherothrombosis-a term used to indicate the contribution of both atherogenesis and clot formation to the disease process. Atherothrombosis can occur in any of the arterial beds (coronary, cerebrovascular, or peripheral arterial) and is frequently observed simultaneously in more than one bed. 4 Atherothrombotic disease in one bed may indicate an increased risk of disease in another. 5 One of the major problems associated with atherothrombosis is the identification of patients at risk. Atherothrombosis is mostly a silent condition, and often the first sign of the disease is the occurrence of a major life-threatening event such as MI or stroke. Patients at risk are usually identified by the presence of risk factors, such as hypertension, diabetes, obesity, smoking, dyslipidaemia, or prior history of vascular disease. Recently, a number of clinical measurements such as C-reactive protein 6 have been proposed as having potential to aid in the diagnosis of atherothrombosis. Carotid intimal medial thickness (IMT) has also been proposed as a marker for risk, and studies have shown a good correlation with atherothrombotic conditions. [7] [8] [9] However, the measurement of IMT is complex and requires expensive equipment. Measurement of the ankle-brachial index (ABI), in contrast, is a simple and inexpensive test, and studies have indicated that the ABI can successfully identify patients with previously unrecognized PAD. 10, 11 The technique has been shown to be reproducible and an indicator of the risk of generalized vascular mortality and morbidity. 12, 13 AGATHA (a Global Atherothrombosis Assessment), a prospective, international, multicentre study, was designed to assess in a wide variety of clinical settings the extent of atherothrombosis in two groups of patients: those presenting with a history of vascular events or current symptoms of vascular disease and those without disease but at increased risk of a future vascular event. More specifically, & The European Society of Cardiology 2006. All rights reserved. For Permissions, please e-mail: journals.permissions@oxfordjournals.org the main hypotheses were that (1) in diseased patients, a low ABI was related to the number and site of vascular beds affected and (2) in at-risk patients, a low ABI was related to the number of risk factors present.
Methods
AGATHA was an international, multicentre prevalence study based on clinical practice. Investigators were general practitioners and/ or specialists (angiologists, cardiologists, neurologists, diabetologists, internists, and vascular surgeons) according to preference by country. Patients were recruited consecutively (and not sampled) from patient referrals to each centre. The need for truly consecutive recruitment was emphasized in the protocol and at investigators' meetings, which were held in order to ensure consistent understanding and implementation of the survey among the different sites and countries. A sample size estimation was not made for the study because it was considered that a target of over 8000 subjects would be more than adequate to provide precision and to test hypotheses. The number required was based more on the need to recruit a large number of representative subjects from different countries and clinical settings. Written informed consent was obtained from all patients and the study was conducted according to the principles of the Declaration of Helsinki (Edinburgh Amendment, 2000).
Patients
Patients were recruited into the study if they met the inclusion criteria listed in Table 1 . Two patient groups were included: the patients with disease comprised those with prior evidence of cerebrovascular disease, coronary heart disease or PAD, or current cardiovascular symptoms and the patients at risk of vascular disease comprised those without a history of prior disease or current symptoms but aged .55 and with two or more risk factors. Patients were excluded from the study if they had cerebral disease of non-atherothrombotic origin (i.e. primary intracranial haemorrhage) or had neurological signs and symptoms due to a non-ischaemic cause. Table 2 shows the demographic data and medical history collected using a standard questionnaire and recording form. Data were derived both from the patient directly and from their medical records. The clinical assessments shown were mostly performed at the same visit. The methods of measurement were those used routinely in each centre except for the ABI, which was the key clinical measure in the study and was standardized. ECGs were interpreted locally by clinicians and the following were reported: conduction disturbances, ST-segment depression, ST-segment elevation, T-wave inversion, and abnormal Q-waves.
Clinical evaluation
ABI was determined from blood pressure measurements in the arms and ankles with the patient supine. Systolic blood pressure in the brachial artery was measured in both arms using a blood pressure cuff and Doppler detection in the antecubital fossa. Systolic blood pressure at the left and right posterior tibial arteries and dorsalis pedis arteries was then measured with Doppler detection with a blood pressure cuff applied to the ankle just proximal to the malleoli. For each pressure measurement, the pulse was located using the Doppler probe and the cuff then inflated until the pulse was obliterated. The cuff was then deflated slowly and the pressure noted when the pulse detected by the Doppler probe re-appeared. ABI for each leg was calculated as the ratio of the higher of the two systolic pressures (posterior tibial or dorsalis pedis) in the leg and the average of the right and left brachial artery pressures, unless there was a discrepancy 10 mmHg in blood pressure values between the two arms. In such a case, the higher reading was used for the ABI. Each centre received an identical Doppler instrument (non-digital Nicolet ELITE 100R with a vascular probe of 5 MHz) for the ABI measurement. Specific training in the measurement of ABI was carried out in all countries participating in the study. The training was based on a tool-kit prepared centrally and distributed to all participating sites. It comprised instructions from the manufacturer of the Doppler plus demonstration video and powerpoint slides showing a step-by-step approach to the measurement. This tool-kit was used in training meetings at each of the sites. In addition, in some countries such as Canada, further training in the measurement of ABI was included as part of other educational programmes.
Analysis of data
Statistical analysis was carried out using the SPSS software package for Windows, version 8.2. Data were summarized using mean, median, standard deviation and range for continuous parameters, and counts and percentages for categorical parameters. x 2 tests (using Monte-Carlo estimation when needed) were performed to evaluate the general association between the ABI value and the site and number of vascular beds affected (patients with disease). Spearman rank correlation coefficient was calculated to test the association between the ABI and the number of risk factors present. Multivariate-regression analysis was used to test the association between the site of vascular bed affected and the ABI. Twosided tests with significance level of P , 0.05 were used. Corrections for multiple testing were not considered necessary, given the extent of the analysis. The best represented group of the participating physicians (482) was general practitioners (177, 37%), with other well-represented groups including cardiologists (98, 20%), internal medicine specialists (80, 17%), neurologists (44, 9%), and vascular surgeons (44, 9%). The pattern of recruitment according to specialization varied from country to country, for example, 164 of the general practitioners were from Canada and 75 of the 80 internal medicine specialists were from Greece. Overall, 20% of the study population was recruited by general practitioners and 80% by specialists.
Two patient populations were defined: those at risk of vascular events [1792 patients (20.2%), the at-risk population] and those with prior disease or current symptoms of vascular disease [7099 patients (79.8%), the with-disease population]. Patient profiles were missing for an additional 19 patients, who were excluded from the study.
Demographic and baseline characteristics
Most patients in the study were Caucasian (61.0%), with 32.3% defined as Asian, 2.0% as Black, and 4.7% as of other racial origin. The demographic and baseline characteristics of the patients in the at-risk and with-disease populations are shown in Table 3 . There were more males than females in the with-disease population when compared with the at-risk population. Abnormal ECG was more than twice as common in the with-disease patients. Median age, body mass index (BMI), and systolic and diastolic blood pressures were similar between the two groups.
Presence of risk factors in patients at risk of vascular disease
Three or more risk factors were present in 62.5% of the at-risk patients, with over one-third of these having four or more risk factors present. Table 4 shows that in the whole AGATHA at-risk population, hypertension was the most common risk factor followed by diabetes and dyslipidaemia. Among the hypertensives, 64.2% had an elevation in systolic blood pressure, 33.1% in diastolic, and 29.9% in both. In those with dyslipidaemia, 40.3% had elevated total cholesterol, 26.9% elevated LDL cholesterol, 15.6% reduced HDL cholesterol, and 30.9% elevated triglycerides, as defined in Table 1 . Almost all the patients with diabetes as a risk factor had type II diabetes. Of the patients defined as smokers, just under one-half were current smokers, the remainder being subjects who had given up.
Geographical variations were observed in the distribution of risk factors in the at-risk patients ( Table 4) . Obesity was less prevalent in patients from Asian countries when compared with other geographical areas, but the prevalence of diabetes was higher in these patients. Smoking, dyslipidaemia, and obesity were most prevalent in the UK/ Canada. Hypertension was the most prevalent risk factor in each of the geographical regions.
Number and type of vascular bed affected in the with-disease patients
In the with-disease patients, one-third had disease at more than one site and the number of vascular beds affected did not differ between the sexes: one site 64.2% males and 67.3% females; two sites 27.8% and 27.4%, and three sites 7.9% and 5.4%. The commonest categories of coronary disease (n ¼ 4521) were stable angina and MI, of cerebrovascular disease (n ¼ 3437) were ischaemic stroke and transient ischaemic attack (TIA), and of PAD (n ¼ 2112) was intermittent claudication. Patients diagnosed with atherothrombosis in one arterial bed had a 35% chance of disease in one or more other arterial beds. Figure 1 shows that among coronary disease patients, approximately one in three had cerebrovascular disease and one in five had PAD; in contrast, in cerebrovascular disease patients, one in two had coronary disease and one in four had PAD; PAD patients were the most likely to have disease at another site with one in two having coronary disease and one in two cerebrovascular disease. PAD patients also had the highest proportion with all three sites affected (one in four) when compared with cerebrovascular disease (one in seven) and coronary disease (one in nine) patients.
Presence of abnormal ABI
Abnormal ABI (0.9) was seen in 30.9% of at-risk patients and 40.5% of with-disease patients. The distribution of ABI was similar between the sexes with 37.2% males and 34.4% females having an abnormal ABI of 0.9, although the proportion having a very low ABI of 0.7 was slightly higher in males (20.2%) than in females (15.8%). Table 5 shows that in the at-risk patients, there was a weak but statistically significant correlation between the ABI and the number of risk factors (P ¼ 0.02) with ABI tending to decrease as the number of risk factors increased. Also, the frequency of an abnormal ABI (0.9) increased with the number of risk factors present from 15.0% with two risk factors to 29.3% with five risk factors. ABI was not related to the presence of any one particular risk factor (hypertension, diabetes, dyslipidaemia, smoking, and obesity) in this patient population (data not shown).
In the with-disease patients, the ABI profile was related to which arterial bed was affected ( Table 6 ). Patients with PAD had the highest frequency of abnormal ABI: PAD alone 73.3%, cerebrovascular disease alone 26.1%, and coronary disease alone 20.2%. A combination of two affected beds increased the frequency of abnormal ABI, even in those not presenting with PAD (coronary and cerebrovascular diseases 32.5%). If all three beds were affected, 82.3% had an abnormal ABI. Multivariate-regression analysis showed that PAD was associated with mean reduction of 0.35 in ABI (P , 0.001), cerebrovascular disease with mean reduction of 0.04 (P , 0.001), and no association between coronary disease and the ABI (P ¼ 0.56).
Medication received by patients
Most patients were receiving some type of cardiovascular medication ( Table 7) . Antihypertensive therapy was common in both at-risk and with-disease patients. Among those receiving antihypertensives, just over half were receiving an angiotensin-converting enzyme inhibitor. Antiplatelet therapy was twice as common in with-disease patients (80.7%) than in at-risk patients (39.6%). Lipid-lowering agents were prescribed to fewer than half of the patients in either category, although two-thirds of the patients with dyslipidaemia were prescribed such an agent. Nearly all those with type II diabetes were receiving an oral anti-diabetic drug.
Discussion
Given the overwhelming prevalence across the developed world of death and disability due to vascular events, identification and treatment of at-risk patients represent a medical challenge of the utmost importance. The AGATHA study was designed to evaluate the extent of atherothrombosis in patients presenting with vascular disease and to assess the ABI measurement in patients with or at risk of vascular disease in a multiregional setting involving both primary-care physicians and specialists from a variety of disciplines.
The study comprised both men and women but, in contrast to population prevalence studies, the relative proportions of each were dependent on the gender mix of the physicians' practices. The criteria for defining at-risk patients were chosen on the basis of well-recognized risk factors that are easy to detect. A minimum age cut-off of 55 years was selected, because it is unusual to find PAD at a younger age.
14 The criteria defining dyslipidaemia were based on those described in the National Cholesterol Education Program Report (2002) . 15 Smoking as a criterion of risk included both current and ex-smokers because previous smoking is known to be associated with an increased risk for atherothrombosis. 5, 16 Diabetes and hypertension are also well-established risk factors. 17 Of the different arterial sites, the peripheral arterial bed is the one which, when clinically silent but affected by Note that the table does not show eight subjects with missing ABI data and 18 subjects who had less than two risk factors present and should not have been included in the study. Formal analysis of the data showed a weak but statistically significant association between the ABI and number of risk factors present (Spearman rank correlation coefficient 20.056, P ¼ 0.02). , df ¼ 18, P , 0.0001. Multivariate-regression analysis showed that PAD was associated with mean reduction of 0.35 in the ABI (P , 0.001), cerebrovascular disease with mean reduction of 0.04 (P , 0.001), and no association between coronary disease and the ABI (P ¼ 0.56). atherothrombosis, is where disease is most easily detected. Furthermore, cardiovascular disease mortality in PAD patients has been shown to be higher than in subjects without PAD. 18 A number of studies have suggested that PAD is widely under-diagnosed and, even when a diagnosis has been made, PAD is often a poorly managed condition, 11 particularly in relation to prevention of major vascular events. The ABI measurement has been proposed as a simple and inexpensive procedure to identify patients with previously undiagnosed PAD and those at risk of future major cardiovascular events. 12, 14 Abnormal ABI was defined for this study as an ABI 0.9, particularly as this cut-off has been most commonly used in previous studies. 11, 19 Although a low ABI is undoubtedly associated with a high prevalence of asymptomatic PAD, it should be recognized that its precise validity is unknown. However, it is known to have a close association with cardiovascular and cerebrovascular diseases 13 and is a good predictor of future cardiovascular events. 10, 14, 18, 20 A standardized technique for measuring ABI was used across all centres in the study, and identical Doppler devices were supplied to all centres to ensure consistency in the measurements.
In the current study just over 30% of the at-risk patients had an abnormal ABI, suggesting undiagnosed PAD. Although a minimum of two risk factors were required for study entry, many of the at-risk subjects had three or more risk factors present. Prevalence and severity of abnormal ABI was related moderately to the number of risk factors present, but interestingly did not appear to be affected by the types of risk factor present. Previous studies have suggested that smoking has a greater association with PAD than with either coronary or cerebrovascular disease, 16 but abnormal ABI was not any more common in the current study in patients with current or prior smoking habit as a risk factor compared with patients with other risk factors. Although hypertension was the most common risk factor, it was also the risk factor most likely to be treated. Dyslipidaemia, however, was not treated pharmacologically in around one-third of at-risk patients, suggesting that optimal risk factor-reducing interventions may not have been applied.
Just over 40% of the with-disease patients had an abnormal ABI, indicating widespread presence of atherothrombosis in these patients. As might be expected, a greater frequency of abnormal ABI was seen with an increased number of vascular beds affected. Nevertheless, the number of patients with an abnormal ABI and previously diagnosed with coronary and/or cerebrovascular disease was relatively high, and it may be that PAD is widely underdiagnosed in patients with both conditions. Surprisingly, not all patients with a history of PAD presented with an abnormal ABI. This might reflect improved disease status (e.g. following angioplasty), measurement bias, or artefactual problems with the test, for example, in diabetics with rigid arteries.
The results seen in the AGATHA study are comparable to those seen with other similar registries. In the Polyvascular Atherothrombosis: an Observational Survey (PATHOS) study, 21 conducted in multiple centres in Italy, around one-third of patients with acute coronary syndrome (unstable angina and MI) or acute cerebral ischaemia (stroke and TIA) recruited into the study had an abnormal ABI. In contrast to our study, however, a larger proportion (20%) had a very low ABI of ,0.6. In the Peripheral Arterial Disease Detection, Awareness and Treatment in Primary Care (PARTNERS) study, 11 which was conducted across a number of primary care sites in the USA, a high prevalence of PAD (29%) was found in higher risk patients as assessed using ABI measurement. This was very similar to the proportion of at-risk patients in our study who had a low ABI ( Table 5 ). In the PARTNERS study, 11 around one-half of the patients with PAD were newly diagnosed during the study.
Overall the AGATHA study has confirmed that disease in one vascular bed often occurs with disease in another. Furthermore the ABI, which is a simple, inexpensive, and rapid measurement tool, has been shown to detect the likely presence of peripheral atherothrombosis both in many patients with current or prior history of other vascular disease and, more importantly, in at-risk patients. These findings suggest that the ABI has the potential in both at-risk and diseased patients to be used to contribute to more precise estimates of future risk of major cardiovascular events and death and to guide decisions on prevention and treatment. Indeed, a low ABI has been shown in several studies in the general population to be associated with approximately a two-fold increase in the risk of future fatal and non-fatal cardiovascular events, but the precise contribution which the ABI can make to delineating risk in conjunction with risk scoring systems using conventional risk factors, has yet to be established. Also, the accuracy of the ABI in predicting risk in young middle age needs to be evaluated.
Additional studies, such as the Reduction of Atherothrombosis for Continued Health (REACH) registry 22 and the getABI study, 19 will provide further insight into the risk, diagnosis, and treatment of atherothrombosis. In particular, these studies will follow patients for up to 2 years (REACH) and 3 years (getABI) and provide data that will enable the evaluation of the contribution of an ABI in the assessment of long-term risk of atherothrombosis in daily clinical practice in at-risk patients.
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